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CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit under 35 U.S.C. § 120 to United States Provisional 
Application Serial No. 60/398,629, filed July 25, 2002. 



5 FIELD 

The present invention relates to analog signal-processing circuits and, more particularly, 
to adjusting common-mode voltages in such analog signal-processing circuits. 

BACKGROUND 

10 Analog/differential circuits have numerous applications in varying areas of technologies. 

For example, differential amplifiers may be used in radio transmitters and receivers, in analog-to- 
digital converters, in semiconductor memory arrays, among numerous other applications. One 
application of such differential circuits that is becoming increasingly important is the area of 
single component (or semiconductor chip) radios, particularly those implementing direct 

15 conversion radio architectures. These direct conversion architectures, as is known, often 
implement a number of fully differential circuit stages. These fully differential circuit stages are 
typically sensitive to electrical noise. In this respect, any noise referred onto these signals is 
highly undesirable as each differential stage amplifies the signal (and noise) that it receives at its 
differential inputs. 

20 In order to reduce the amount of noise referred, such differential signals are not typically 

referenced to ground and are "carried" on a common-mode voltage signal, which takes the form 
of a direct current (DC) voltage signal. This reduces the reference of electrical ground noise on 
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to the differential signals. In the context of direct conversion radios, the common-mode voltages 
of different circuit stages are often quite different. In this regard, a radio frequency stage in such 
radio architectures may employ a different common mode voltage than a baseband stage. Such 
circuit stages are known to those working in this area and are not explained in detail here. In 
5 such applications, signals produced by circuit stages that have different common mode voltages 
are not compatible without first changing the common-mode voltage of one or more of the 
signals. In this regard, any such signals being processed by the same circuit stage typically have 
the same common-mode voltage. Adjusting such common-mode voltages is typically 
accomplished by employing a separate (additional) circuit stage to shift the common-mode 

10 voltage(s) of such signals. 

Such an approach, however, has certain disadvantages. For example, such circuits 
typically convert differential signals being processed to single ended signals to accomplish such 
common-mode voltage shifts. These current approaches then typically use voltage follower 
circuits to apply such shifts. However, voltage follower circuits consume a relatively large 

15 amount of power (which is in addition to the noise created by the differential amplifier) and add 
noise to the signals being processed. Thus, such voltage follower circuits may degrade the 
quality of signal processing for circuits in which they are employed while consuming more 
power. Also, using a separate circuit stage to apply a common-mode voltage shift introduces 
additional circuit delay, which impacts the efficiency of circuits employing such techniques. 

20 Therefore, based on the foregoing, alternative approaches for applying a common-mode voltage 
shift are desirable. 
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SUMMARY 

A circuit in accordance with the invention comprises a differential amplifier; and a direct 
current (DC) source coupled with the differential amplifier. The DC source generates a direct 
current that is communicated in substantially predetermined portions to multiple inverting input 
5 terminals of the differential amplifier. The direct current is applied so as to shift a common- 
mode voltage of electrical signals that are processed by the differential amplifier. The shift in the 
common-mode voltage is proportional to the direct current generated by the DC source. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter regarded as the invention is particularly pointed out and distinctly 
claimed in the concluding portion of the specification. The invention, however, as to both 
organization and method of operation, together with features and advantages thereof, may best be 
5 understood by reference to the following detailed description when read with the accompanying 
drawings in which: 

Figure 1 is a schematic drawing of a differential amplifier circuit with common-common 
mode shifting in accordance with an exemplary embodiment of the invention; 

Figure 2 is a schematic drawing of another differential amplifier circuit with common 
10 mode shifting in accordance with an alternative exemplary embodiment of the invention; 

Figure 3 is a schematic diagram of a band-gap referenced current source that may be 
„ employed with the exemplary embodiments of differential amplifier circuits shown in Figures 2 
and 3; 

Figure 4A-4C are timing diagrams illustrating the relationship of electrical signals 
15 processed and/or produced by the exemplary circuits of Figure 2 and/or Figure 3; and 

Figure 5 is a flowchart illustrating a method of shifting the common mode voltage of 
analog signals being processed by a differential circuit in accordance with and exemplary 
embodiment of the invention. 
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DETAILED DESCRIPTION 

In the following detailed description, numerous specific details are set forth in order to 
provide a thorough understanding of the invention. However, it will be understood that the 
present invention may be practiced without these specific details. In other instances, well-known 
5 methods, procedures, components and circuits have not been described in detail, so as not to 
obscure the present invention. 

Referring now to Figure 1, a schematic diagram illustrating a fully differential amplifier 
circuit 100 in accordance with an exemplary embodiment of the invention is shown. The 
amplifier 100 may address at least some of the foregoing disadvantages associated with current 
10 approaches for shifting common-mode voltages. 

The amplifier 100 comprises differential comparators 105 and 110. The differential 
comparators 105 and 110 each include a non-inverting input terminal; respectively 115 and 120, 
as well as an inverting input terminal; respectively 125 and 130. The differential comparators 
105 and 110 also include respective output terminals 135 and 140. As may be seen in Figure 1, 
15 the output terminals 135 and 140 are coupled with the inverting input terminals 125 and 130 via, 
respectively, resistors 145 and 150. Such feedback configurations are known. For this particular 
embodiment, the resistors 145 and 150 are of substantially the same resistance value. Further, 
for this embodiment, the differential comparators 105 and 110 have substantially similar 
electrical characteristics. 

20 The amplifier 100 also comprises a direct current (DC) current source 155 that supplies a 

substantially constant DC current. It will be appreciated that any number of various DC current 
sources may be used. However, it is preferable that the current source 155 is of a type that the 
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current generated by the current source 155 is substantially constant over the operating 
temperature range of a circuit in which the amplifier 100 is employed. While the invention is not 
limited in scope to the particular embodiments described herein, one such current source 
configuration will be discussed with respect to Figure 3. 
5 The current source 155 is coupled with the non-inverting inputs 125 and 130 of the 

differential comparators 105 and 110 via respective resistors 160 and 165. The resistors 160 and 
165 are of substantially the same resistance value as each other. In this respect, the resistors form 
a symmetric divider circuit, which divides the current supplied by current source 155 in 
substantially equal portions. The current generated by the current source and communicated to 

10 the differentia] comparators 105 and 110 results in the common-mode voltage of signals being 
processed by the amplifier 100 to be shifted by an amount that is proportional to the amount of 
current generated by the current source 155. Thus, the amplifier 100 applies a common-mode 
voltage shift by applying current to the inverting inputs of differential comparators 105 and 110 
without using an additional logic stage. Because a separate circuit stage is not used to apply 

15 common-mode voltage shifts to signals processed by the amplifier 100, the amplifier 100 may 
consume less power and have less noise introduced into a signal processing circuit path in which 
it is employed than prior circuits, such as those using voltage follower circuits. Furthermore, 
different common-mode voltage shifts may be realized by applying different amounts of current 
to the differential comparators of the amplifier 100, as will be discussed in further detail with 

20 respect to Figure 2. 

Referring now to Figure 2, a schematic diagram that illustrates a differential amplifier 
circuit 200 in accordance with another exemplary embodiment of the invention is shown. The 
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amplifier 200 comprises circuit components 205-250, 260 and 265, which are respectively 
analogous with the circuit components 105-150, 160 and 165 of the amplifier 100 shown in 
Figure 1. For the sake of brevity, these components will not be described again with respect to 
Figure 2 except to the extent needed to describe the amplifier 200. 
5 The amplifier 200 also comprises multiple DC current sources 270, 272, 274 and 276. 

These current sources are coupled in parallel with each other and further coupled, via respective 
switching elements 280, 282, 284 and 286, with a resistor divider 268 that comprises the resistors 
260 and 265. These switching elements may be any appropriate electrical switch, such as, 
without limitation, field effect transistors. The switching elements 280-286 are further coupled 

10 with control bus 290. In this respect, control bus 290 may selectively couple the current sources 
270-276 with the resistor divider 268 by opening and/or closing individual switching elements of 
the switching elements 280-286. In this regard, the amount of current applied to the resistor 
divider 268 may be varied as a result of the number of current sources that are coupled with the 
resistor divider 268. It will be appreciated that fewer, or additional current sources may be 

15 included in the amplifier 200. These current sources may be coupled with the control bust 290 
and the resistor divider 268 in a similar fashion as is illustrated for current sources 270-276 in 
Figure 2. 

For the amplifier 200, the current sources 270-276 may be configured to provide 
substantially equal currents. Alternatively, the current sources 270-276 may be configured to 
20 provide differing current amounts, such as weighted currents. As an example, the current source 
270 may be configured to provide 1 milliamp (ma) of current; the current source 272 may 
configured to provide 2 ma of current; the current source 274 may be configured to provide 4 ma 
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of current; and the current source 276 may be configured to provide 8 ma of current. Such an 
approach provides greater resolution in the current that may be communicated (via the resistor 
divider 268) to the inverting inputs 225 and 230 of the amplifier 200, as compared with 
embodiments where a single current supply is used, or where the same current is supplied by 
5 each current source. It will be appreciated that the current values discussed above are exemplary, 
and other current values may be used in addition to employing fewer, or additional current 
sources. 

As was previously noted, any number of different types of current sources may be 
employed in the amplifiers 100 and 200 shown in Figures 1 and 2, with substantially temperature 
10 independent current sources being preferable. In this respect, Figure 3 is a schematic diagram 
that illustrates a known configuration of a substantially temperature independent current source 
300. 

The current source 300 comprises a band-gap voltage source 310. Such voltage sources 
are known and typically include a semiconductor device from which a band-gap reference 

15 voltage is obtained. Such a voltage is substantially constant over a broad temperature range and, 
therefore, provides a substantially temperature independent reference on which a current 
generated by current source 300 is based. The band gap voltage source 310 is coupled with a 
non-inverting input terminal 320 of a differential comparator 330. An inverting input 340 of the 
differential comparator 330 is coupled in a feedback configuration with a resistor 350 that is 

20 further coupled to ground and to a semiconductor device 360. For this embodiment, the 
semiconductor device 360 acts as a transconducting device and takes the form or a field effect 
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transistor. Alternatively, the semiconductor device 360 may take the form of bipolar transistor, 
or any other controllable transconducting device. 

For this embodiment, the resistor 350 takes the form of a substantially temperature 
independent precision resistor. The output signal generated by the differential comparator 330 
5 (in the shown feedback configuration with the band-gap reference 310 coupled to the non- 
inverting input terminal 320), in combination the resistor 350 and the semiconductor device 360, 
acts as a substantially temperature independent, stable current reference. This current reference 
is then applied to a current mirror 370 (which comprises transistors 380 and 390). The current 
mirror 370, then supplies a stable current (via output terminal 395) that may be employed to shift 

10 common-mode voltages, as has been previously described. In this respect, various configurations 
of the current source 300 may be employed to provide varying current values, such as was 
described with respect to the current sources 270-276 of the amplifier 200. 

The operation of the exemplary amplifiers 100 and 200 shown in Figs. 1 and 2 may be 
further illustrated with reference to Figures 4A-4C, which are timing diagrams illustrating 

15 various relationships of electrical signals that may be processed and/or produced by those 
amplifiers. While either amplifier 100 or 200 may produce these signals, the timing diagrams in 
Figures 4A-4C will be discussed with respect to the amplifier 100 shown in Figure 1. It will 
appreciated that the signals illustrated in Figures 4A-4C may be produced and/or processed in 
similar fashion by the amplifier 200, shown in Fig. 2. 

20 Figure 4A illustrates the relationship between a differential input signal 410 that is 

applied to the non-inverting inputs 115 and 120 of the amplifier 100 and a corresponding output 
signal 420 that is produced by the differential amplifier 100 and communicated on output 
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terminals 135 and 140. As may be seen in Figure 4A, the input signal 410 and the output signal 
420 are substantially in phase and the output signal 420 is an amplified version of the input 
signal 410. It is noted that in Figure 4A the input signal 410 and the output signal 420 are only 
the differential components of those signals and, therefore, do not show the common mode 
5 component of those signals. Figure 4A is provided to illustrate the relationship between 
differential input signals processed by the differential amplifier 100 and associated differential 
output signals produced by the amplifier 100 without consideration of common mode shift. 

Figure 4B illustrates the relationship of both phases of differential input signals that may 
be processed by the amplifier 100. In this regard, an input signal 430 may be applied to the non- 
10 inverting input 1 15 of the amplifier 105. Similarly, an input signal 440, which is 180 degrees out 
of phase with the input signal 430, may be applied to the non-inverting input 120 of the amplifier 
110. As may be seen in Figure 4B, the input signals 430 and 440 have a common-mode voltage 
of 1.34V. The input signals 430 and 440 may then be processed by the amplifier 100 and a 
common mode voltage shift may be achieved by communicating a current from the current 
15 source 155 to the inverting inputs 125 and 130 via then resistors 160 and 165, as was discussed 
above. 

In this regard, Figure 4C illustrates the relationship of two phases of output signals 
(respectively 450 and 460) associated with the input signals 430 and 440 when processed by the 
amplifier 100 in the foregoing manner. The output signal 450 corresponds with the input signal 
20 430 and has substantially the same phase and is an amplified version of the input signal 430. 
Likewise, he output signal 460 corresponds with the input signal 440 and has substantially the 
same phase and is an amplified version of the input signal 440. However, as may be seen in 
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Figure 4C, the common-mode voltage of the output signals 450 and 460 is shifted from the 1.34 
V common-mode voltage of the input signals 430 and 440 to a 1.0 V common-mode voltage as a 
result of the current supplied by current source 155. 

Referring now to Figure 5, a flowchart illustrating a method 500 for shifting a common- 
5 mode voltage of electrical signals processed by an amplifier in accordance with an exemplary 
embodiment of the invention is shown. The method 500 may be implemented using either of the 
amplifiers 100 or 200 shown, respectively, in Figures 1 and 2. At block 510, the method 
comprises applying a first differential signal having a first common mode voltage to a first non- 
inverting input of a differential amplifier. At block 520, the method includes applying a second 

10 differential signal having the first common-mode voltage to a second non-inverting input of the 
differential amplifier. These signal may be signals such the input signals 430 and 440, as shown 
in Figure 4B, though the invention is not so limited. 

At block 530, the method 500 comprises generating a substantially fixed current. The 
current generated at block 530 may be generated in any number of ways, such as those described 

15 above with reference to Figures 1-3. As was discussed above, it is preferable that the 
substantially fixed current generated at block 530 is substantially temperature independent, so as 
to improve the accuracy of circuits implementing the method 500. At block 540, the 
substantially fixed current generated at block 530 is communicated to first and second inverting 
inputs of the differential amplifier. As was described above, this current may be communicated 

20 to the inverting inputs in substantially equal portions via a resistor divider circuit. At block 550, 
the method 500 includes applying feedback signals from differentia] outputs of the amplifier to 
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the inverting inputs of the amplifier, which may be done via resistors as was previously 
described. 

At block 560, the method 500 comprises producing first and second differential output 
signals having a second common-mode voltage. Such output signals may be signals such the 
5 output signals 450 and 460, as shown in Figure 4C, though the invention is not so limited. The 
second common-mode voltage of the output signals, as has been discussed above, differs from 
the first common-mode voltage of the input signals by an amount that is proportional to the 
current generated at block 530 and communicated to the inverting inputs of the amplifier at 540. 
While certain features of the invention have been illustrated and described herein, many 

10 modifications, substitutions, changes and equivalents will now occur to those skilled in the art. 
The embodiments discussed herein, and their applications are exemplary and other embodiments 
and applications within the scope of the invention exist. For example, embodiments of the 
invention may be employed to directly interface any number of different analog circuit blocks 
with different common mode voltages. Such applications include, without limitation, interfacing 

15 one differential amplifier to another, interfacing a differential amplifier to a limiter, or interfacing 
a differential amplifier with an analog-to-digital converter (ADC), among other combinations. 
As another example, embodiments of the invention may be used to move the linear range of an 
ADC by shifting a common-mode voltage. Therefore, based on the foregoing, it is to be 
understood that the appended claims are intended to cover all such modifications and changes as 

20 fall within the true spirit of the invention. 
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